We report laser absorption measurements of spatial density distributions of Ar metastable (Ar m ) and resonant state atoms in a cylindrical hollow-cathode discharge (HCD). The evaluation of the measured data by standard analysis indicates high Ar m densities near the walls of the HCD. To obtain convincing evidence for these high densities, we critically examine the effect of diffraction phenomena on the measured distributions. This analysis confirms that-while diffraction has a significant effect-the Ar m densities near the cathode wall are in the 10 16 m −3 range. The measured values suggest that, in addition to the discharge volume, metastable atoms are likely to be created at the surface of the cathode. Further investigation is needed to clarify the processes responsible for the observed behavior.
Introduction
Metastable atoms of rare gases, which carry internal energy of 8.3 eV (Xe) to 21 eV (He), may play an important role in various types of gas discharges. In glow discharge spectroscopy energy transfer reactions from metastable atoms [1] and Penning ionization [2] have a significant influence on the emission characteristics. These atoms also influence significantly the light emission efficiency of plasma display panel cells [3, 4] and affect their discharge characteristics [5] . Lasers can also be pumped by metastable-induced (Penning) ionization [6] .
Hollow-cathode discharges (HCDs) can be formed by confining the negative glow inside a cylindrical cathode or between two flat cathodes. The increased current as well as an enhanced light emission from HCDs originates from (i) the oscillatory motion of fast electrons between oppositely situated cathode surfaces, (ii) the increased rate of photoelectronemission from the cathode (due to the geometrical confinement of the plasma) and (iii) the appearance of stepwise processes (due to the increased plasma density) [7] [8] [9] . It is also expected that metastable atoms play a more important role in HCDs, compared with discharges over a single plane cathode. HCDs have been used as plasma sources in a variety of applications including gas lasers [10] [11] [12] and spectral lamps [13] . Operated at high pressures, micro-hollow cathode discharges have also been used as light sources [14] [15] [16] , while other hollow cathode configurations (at low pressures) have found useful switching applications [17, 18] and have been applied as ion sources [19] [20] [21] . The need for understanding the properties of HCDs and their optimization in the above applications motivated their thorough experimental and theoretical investigations, e.g. [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Metastable atoms affect the discharge characteristics via their influence on the charged particle balance, by (i) liberating electrons from the cathode surface through potential ejection [31] and by (ii) volume ionization processes: Penning ionization [2] and pooling ionization (Ar m + Ar m → Ar + + Ar + e). Thus understanding of their behavior in glow discharges is of interest. The absolute density of metastable atoms in discharge plasmas can be determined by laser absorption techniques. The method we use in this work provides a very high spatial resolution, and makes it possible to determine the radial distribution of Ar m atoms inside our cylindrical HCDs in a single measurement. As a part of studies on HCDs [27, 32] we have already reported Ar m density distribution measurements in a cylindrical HCD, having one of the two flat end plates connected to a cathode potential and the other one to an anode potential [33] . This work is a re-examination of our previous results and, in particular, data acquisition procedures, now using a symmetrical arrangement, where both end plates of the cylindrical HCD are connected to anode potential. Here we go beyond the standard method of data analysis of absorption measurements used in previous works, e.g. [33] . We develop a more sophisticated calculation method that includes the effect of diffraction of the laser beam used in the experiments. Using this method we critically check the metastable densities near the electrode walls, for which high values have been obtained in our previous work. Section 2 of the paper describes the experimental arrangement and the method of data acquisition. The effect of light diffraction on the experimental results and a proposed correction method are presented in sections 3 and 4. The results of the measurements are presented in section 5, while the summary of the work is given in section 6.
Experimental
The discharge tube design, the vacuum and gas-handling system and the basic optical setup have been described in our previous work [33] . Here we focus on the specifications, which are substantial for the new evaluation method presented in this paper and we refer the reader to [33] for more details on the apparatus.
In our experiment a 10 mm inner diameter, 30 mm long hollow cathode copper tube serves as a cathode. Two copper disks at each end of the cathode tube serve as anode electrodes. It is noted that in our previously used asymmetrical configuration [33] one of the disks was connected to the cathode, while the other disk served as the anode alone. At present, both disks are connected as anodes and therefore the discharge is symmetrical. In order to allow laser diagnostics of the HCD plasma, a narrow slot of 1 mm width and 10 mm length has been machined into each anode-disk. The slots precisely face each other and permit a laser beam, with 10×1 mm 2 cross-section, to cross the HCD tube (see figure 1(a) ).
The radial distributions of argon atoms in the 3 P 2 and 3 P 0 metastable and 3 P 1 resonance states are monitored using optical absorption technique with a tunable diode laser (DL) as the light source. A Littman-type external-cavity laser (TEC500, Sacher Lasertechnik) is successively tuned to the λ = 772.38 nm and 772.42 nm (in air) transitions, to monitor atoms in the 3 P 2 and 3 P 0 metastable levels, respectively. A Littrow type external-cavity laser (DL100, Toptica) tuned to the λ = 810.37 nm monitors atoms in the 3 P 1 resonance level. Figure 1(b) shows the optical setup. The beam from DL crosses a 2 cm thick glass plate that provides two secondary weak beams ( ∼ =5%) at 90
• by partial reflection on glass-air interfaces. One of these beams is used for precise frequency tuning calibration with a confocal FabryPerot (F-P) interferometer. The light transmitted by the F-P is detected with the photodiode PD1. The absorption signal from the second beam, crossing a low pressure reference argon glow discharge cell (pressure ≈1 Torr, discharge current ≈1 mA), is detected by the photodiode PD2. The signal from PD2 helps for the exact setting of the laser wavelength at the center of the monitored absorption line [34, 35] . Before entering the vacuum vessel, the main laser beam is horizontally expanded with a set of four successive grazing angle incidence prisms, which provide about 30 mm wide, 2 mm high parallel beam map covering the entire surface of the anode slot. This way, a 10× 1 mm 2 laser beam crosses the HC cylinder parallel to its axis and exits through the second slot. After having left the vacuum chamber, the laser beam is detected with a photodiode array (PDA-697, Andor Technology), whose 1024 pixels are also aligned with the slots. Hence, for each radial position r in the HCD, there is a corresponding pixel number j on the PDA. Given the 25 µm step size of the pixels, the laser beam covers about 400 pixels of the detector. The PDA is controlled by a PC.
Electrical characteristic
Measurements are carried out at discharge currents between 1 and 10 mA. Figure 2 shows the voltage-current characteristics of the HCD obtained at different pressures. At higher pressures, the voltage-current curve exhibits a positive slope, characteristic for abnormal glow discharges. When the pressure is decreased, the slope of the V -I curve decreases, indicating that a more efficient hollow cathode operation is reached. In this latter domain, the discharge voltage is higher compared with that observed at higher pressures. This trend may seem counterintuitive, considering the fact that a more efficient excitation and ionization is expected in the domain of parameters corresponding to the efficient hollow cathode effect. The observations can be explained by the presence of the sputtered copper vapor, which-due to its low ionization potential-quenches the energy of fast electrons this way hindering the production of Ar + ions, which are the primary species responsible for electron emission from the cathode.
Gas temperature
According to figure 2 the power dissipated in the plasma bulk and at the cathode surface ranges from a few tenths of a watt to about 3 W. Considering the 2.5 cm 3 volume of the HCD, this dissipated power can induce an enhancement of the gas temperature, T g , and correspondingly a depletion of the neutral atom density thereby modifying the plasma characteristics. In argon plasma, T g can be deduced from the Doppler width of the absorption line of atoms either in the metastable or resonance states [35] . The temperature of the atoms in the resonance state equals that of the ground state atoms due to the radiation trapping inside the plasma volume [36] and the excitation exchange between excited and ground state atoms that takes place on average every 8.4 ns (their radiative lifetime) [37] .
In the present experiment the gas temperature in the HCD is deduced from the Doppler width of the absorption line of atoms in the Ar*( 3 P 1 ) resonance state. For this measurement, the 810.37 nm laser beam crosses the HCD along its axis while its diameter is limited to 1 mm. A photodiode (PD3-not shown in figure 1 ) measures the intensity of the transmitted laser light. The laser frequency is scanned (at ∼ =10 cycles s −1 ) around the 810.37 nm absorption line (about ±5 GHz from the line center) and the signal from PD3, together with signals from PD1 and PD2, is recorded with a digital oscilloscope. To improve the signal-to-noise ratio, the signals are averaged over 128 scans; for details see [34, 35] . If I 0 (ν) and I (ν) are signals from PD3 in the absence and in the presence of Ar*( 3 P 1 ) atoms, respectively, the line profile is given by [38] G(ν) = ln
where
is the Doppler width (FWHM) related to the gas temperature T g and ν is the frequency shift from the line center. As an example, ln(I 0 /I ) data for discharge currents of 2 and 10 mA at 1 Torr pressure are plotted in figure 3 . The amplitude of the 2 mA data is multiplied by 4 to make the maxima of the 2 and 10 mA curves comparable. From the Gaussian fit to these data we deduce gas temperatures of 338 K and 422 K for 2 mA and 10 mA, respectively. The estimated uncertainty of these values is about ±10 K. Figure 4 shows the measured T g values at the HCD axis for different pressures and discharge currents. As expected, we observe an enhancement of the gas temperature with increasing current at all pressures, which means increasing dissipated power in the HCD system. It is surprising that (in most cases) T g increases toward lower pressures at a given current value. This perhaps can be related to the higher applied voltage with decreasing pressure (see figure 2 ) and hence larger dissipated power, relative to higher pressures. However, from 1 to 2 mA, the dissipated power is almost doubled but the enhancement in T g is insignificant.
At 0.8 Torr, 6 mA and 1 Torr, 10 mA, when moving the laser beam along the diameter of the HCD, we do not observe any radial dependence of T g starting from the center up to 1 mm from the cathode, where the measured temperature becomes about 10 K lower than in the center. This difference is within our estimated uncertainty on T g , we hence conclude that there is no significant radial gradient of the gas temperature inside the HCD. We believe that under these experimental conditions the temperature of the HCD system reaches a higher value than the room temperature and the gas is in thermal equilibrium with the hollow cathode tube walls. But at lower pressures and currents, the density of Ar*( 3 P 1 ) atoms drops very quickly with the distance from the HCD axis and the signal-to-noise ratio is very poor for a precise T g measurement. It is possible that under these low pressure conditions, due to the lower thermal conductivity of the argon gas, a small thermal gradient exists within the plasma volume, and the measured T g at the tube axis is slightly higher than the cathode tube temperature. In the following, we will, however, assume a homogeneous gas temperature inside the HCD volume for all plasma conditions.
Radial density profile
To record the radial density profile of metastable atoms, aided by the absorption signal from the reference cell the laser is set at the center of the absorption line, where the signal has its maximum value. For each set of experimental conditions, four intensity distributions at the detector are recorded,
• L p (j ): plasma and laser on, • L 0 (j ): laser on without plasma, • P (j ): plasma on, laser beam stopped by a shutter, • B(j ): plasma and laser beam off: background.
According to the Beer-Lambert law, the radial density profile of the metastable atoms, N (r), can be deduced from the relation [38] :
where j is the pixel number of the photodiode array corresponding to the radial position r, m and e are the electron mass and charge, c is the speed of the light, γ D is the Doppler width (which was deduced from the gas temperature measurements as explained in section 2.2), l = 3 cm is the length of the HCD, f is the oscillator strength of the line, whose values are 0.028 and 0.31 for the 772.38 nm and 772.42 nm lines, respectively [37] . We should point out that the absorption technique is a line-of-sight measurement and consequently the reported densities are axially averaged values ( · in (2) denotes an average over the axial direction). However, numerical simulations of the asymmetrical HCD configuration have shown that the axial distribution of metastable atoms is almost homogeneous except at distances from the anode shorter than the cathode tube radius [33] .
As an example, figure 5 shows the radial density distribution of Ar*( 3 P 2 ) atoms at 0.3 and 1 Torr and for different discharge currents, calculated via equation (2) . These profiles resemble those we previously reported in figure 3 of [33] for the asymmetrical HCD configuration. Our estimated radial resolution is better than 0.1 mm, corresponding to 4 pixels of the PDA. To avoid saturation phenomena leading to an underestimation of the densities [38] , the intensity of the monitoring laser beam is set to about 10 µW cm −2 . As expected, the profiles shown in figure 5 are symmetrical with respect to the cathode tube axis but they reveal two intriguing aspects. (i) At high current, they indicate high metastable density nearby the cathode surface, which is usually assumed to be a sink for these atoms. (ii) They show the presence of an oscillatory structure in the radial density profile, whose amplitude is much larger than the noise level of our acquisition system. These oscillations were also present in the results given in [33] for the asymmetric HCD configuration. Moreover, under different discharge conditions the radial location of their maxima and minima are perfectly reproducible from one measurement to another. As we are convinced that the radial distribution of excited atoms cannot have such an oscillatory structure, which is not modified when changing the gas pressure and/or the discharge current, these oscillations are experimental artifacts. We find that the diffraction phenomena due to the finite diameter of the HCD are responsible for the appearance of the observed oscillations in the recorded signals. The presence of these artifacts raises doubts about the reliability of the measurements, especially about the observed high metastable densities near the cathode walls. To obtain reliable information about the latter, in the next section we develop a formalism to treat the interferences resulting from the diffraction effect. This will permit us to correct the acquired data to deduce the exact density profiles, which will then be analyzed and discussed in section 5.
The effect of diffraction on the laser absorption measurements
A simple numerical model is developed to treat the diffraction phenomena in the present experiment, which results from the limited spatial extent of the hollow cathode tube. As was described in the experimental section, the radial profile of metastable atoms is obtained with a parallel laser map beam. The four-prism beam expander we have used was initially developed for the construction of pulsed dye lasers [39] . According to the principle of conservation of optical etendue (also called luminosity) of a light source, when the size of a laser beam is magnified by a factor G, the divergence of the beam is reduced by the same factor [40] . Consequently, with the G = 30 of our expanding system and the about 1 mrad divergence of the TEC-500 DL, the divergence of the beam map, which crosses the HC tube, is less than 0.05 mrad. Hence, in our approach we assume that the entrance anode slit is illuminated with a perfect plane wave. The pixels of our PDA detector are 2.5 mm high and can only resolve intensity distribution in the horizontal direction. We therefore consider only the light diffraction in the plane of the laser beam (defined by the two anode slits), thus reducing the calculation to a two-dimensional problem. The basic features of the model are depicted in figure 6 , showing the schematic view of the discharge cross-section together with the PDA. The entrance slit is divided into 1000 equivalent point sources (i ∈ −500-500) separated by 1 µm emitting spherical waves of identical intensities. The basic idea is to sum the contributions of all the elementary light sources at the position of individual PDA elements taking the phase and intensity differences (and also the discharge wall shadowing effects) into account. The phase shift is calculated from the distance S i,j of the particular light source i to the given PDA pixel j . The spatial variation of the refraction index due to the light absorption in the discharge region is neglected here. The spatial distribution of the metastable (or resonant state) atoms in the discharge region is modeled on a (k ∈ −20-20)×(m ∈ 0-20) rectangular grid, which corresponds to a N k,m density matrix. k corresponds to the radial direction and m corresponds to the axial direction. To enhance the modeling precision near the walls, the N k grid points are distributed along the tube radius in an unequal way, with gradually decreasing separation toward the walls. The radial separation of the grid points is 0.4 mm at the tube center and 0.02 mm next to the cathode surface. The light traveling from a point source i to a PDA pixel j is traced on its way making s = 1 µm steps while crossing the discharge region. In each step the intensity attenuation is calculated based on the absorption that corresponds to the closest density matrix element. Summing all such contributions originating from different i sources for each PDA pixel one obtains the laser intensity distribution that takes the diffraction phenomena into account (note that it is the phase-shifted electric field component that needs to be summed). A test case of this model is presented in figure 7 . The panel (a) displays the diffraction pattern of the laser beam on the PDA (I 0 (j )) with the discharge turned off. One can see the pronounced periodic intensity oscillation in the central region limited by the discharge tube walls and the abrupt intensity falloff outside this region (the geometrical 'shadow' parts). To test our data acquisition method we assume a density distribution of absorbing particles as shown in panel (b). This radial density distribution N k has a maximum at the tube center and is zero at the tube walls. The axial density distribution N m is assumed to be homogeneous. The corresponding transmitted light pattern, I (j ) is depicted in figure 7 (c) and the absorbance A calculated by the model, defined as A = −ln(I (j )/I 0 (j )), is shown in figure 7(d) . Neglecting the diffraction effects, the absorbance is proportional to the absorbing particle density as given by equation (2) . There are two major features that need to be discussed here. First, periodic oscillations occur in the absorbance curve, which are not present in the original density distribution. This feature explains the periodic oscillation of our recorded data, as observed in figure 5 . Second, the absorbance curve does not fall to zero at the position of the discharge tube walls even if the corresponding density was assumed to be zero in figure 7(b) . It follows that one has to be very careful when deriving density distributions near the walls based on such absorption measurements.
Data correction
To correct the experimental absorbance curves for the diffraction effect, we have developed a reverse calculation scheme in which a more realistic absorbing particle density is determined based on the measured data. During the procedure a corrected density distribution is calculated in each point of the N k,m density matrix, while the axial N m distribution is assumed to be homogeneous. For the sake of simplicity, the density distribution is assumed to be fully symmetric around the tube axis. The average of the left and right sides of each of the measured absorbance profiles is used for this purpose. Only the PDA pixels with j ∈ 0..216 are taken into account corresponding to radial positions r 5.4 mm. The laser intensity drops dramatically beyond this limit, which results in a poor signal-to-noise ratio. As a first approximation, the density values obtained from the PDA data (using equation (2) without taking diffraction into account) are averaged in the vicinity of each radial point k to obtain an initial density distribution N q=0 k . This initial density distribution is then modified in an iterative way. In each iteration step q, one of the N k points (k is chosen randomly) is modified-either increased or decreased by a given value N q k -and the corresponding new PDA intensity distribution curve I as follows:
where A measured is the experimental absorbance given by the logarithmic term in equation (2) . The obtained deviation SD q being smaller as compared with the previous iteration step, the new density value N k + N k is applied in the following calculation. If the difference gets higher N k remains unchanged and the absolute value of N k is decreased for the following calculations. The iteration is stopped when SD q reaches a converged value.
The laser diffraction patterns, as calculated by the model and as recorded on the PDA with the discharge turned off, are shown in figure 8(a) . One can see that the experimental radial laser intensity is not perfectly homogeneous along the entrance slit, resulting in a slightly decaying intensity with the distance from the HCD axis on the PDA. Also, there is a pronounced disagreement between the calculated and measured laser intensity values for higher (r > 5.4 mm) radial positions. It is noted that the data corrections are only performed using absorbance curves ranging up to 5.4 mm from the center. The periodic variation of the intensity as predicted by the model clearly showed up in the experiment. The excellent radial resolution of the presented reverse calculation procedure is demonstrated in figures 8(b) and (c) . The converged density distribution of Ar*( 3 P 2 ) atoms calculated by the iterative scheme (for 1 Torr, 6 mA condition) is shown in panel (b) (curve A, solid squares). The corresponding absorbance as reproduced by the model is shown in panel (c) together with the experimental curve. The calculated distribution reproduces the measured curve very well. Next, the spatial resolution of the calculation method is tested in two steps. First, the obtained density distribution A is artificially modified near the walls. There are two other (manually modified, not calculated) density distributions (B and C) shown in panel (b), in which the metastable density was set to zero at the walls. Only the very last four points (in a 0.15 mm thick region) are modified in curve B, while the density is set to decrease gradually to zero (over a 1 mm region) near the wall in curve C. Second, the absorbance curves corresponding to B and C are calculated and the results are displayed in panel (c). It is noted that the density distribution C-gradually decreasing to zero at the walls-fails to reproduce the measured absorbance. However, changing only the very few density points near the HCD tube walls, as for B, has a negligible effect on the absorbance. It is concluded that near the walls the presented experimental and computational technique cannot resolve the spatial density variations below a 0.1 mm characteristic length; however, it can reasonably well reproduce the density variations with a characteristic length above 0.2 mm.
Results and discussion
The radial density distributions of 3 P 0 and 3 P 2 metastable atoms and the 3 P 1 resonant state at 0.3 Torr, 0.6 Torr and 1 Torr and for different discharge currents are shown in figures 9, 10 and 11, respectively. The presented density profiles have been corrected for the diffraction effect by the procedure described in section 4. In general, at the central discharge regionfor the same discharge conditions-the density of metastable atoms in the 3 P 2 state is about 5-7 times higher than in the 3 P 0 state. Up to 15 times higher Ar*( 3 P 2 ) density compared with that of Ar*( 3 P 0 ) has already been observed under different discharge conditions [41] [42] [43] . It mainly results from the lower statistical weight of the Ar*( 3 P 0 ) state (g = 1) compared with that (g = 5) of the Ar*( 3 P 2 ) state and their different collision properties. While at a low pressure of 0.3 Torr the distributions peak at the discharge tube center, at 1 Torr and for currents higher than 1 mA a hollow distribution is observed, having a local minimum at the tube center.
The spatial distribution of metastable particle density is a net result of a balance between various production and loss processes taking place in the discharge. The Corrected spatial density distribution of 3 P 0 metastable argon particles at different pressures. The labeling of the curves indicates the discharge current in mA units. most important gas-phase production and loss processes of metastables can be listed as follows. Production processes are electron-, ion-, and fast atom-impact excitation of ground state argon atoms and electron-ion recombination forming argon atoms in excited states. Loss processes are electron-impact ionization from the metastable level, pooling ionization of two metastable atoms, quenching by electron impact (mainly transfer to the neighboring resonant states), Penning ionization of metal particles (copper in the present case), two-and threebody collisions with argon atoms and diffusion to the walls. Modeling studies of metastable densities in an asymmetric configuration hollow cathode discharge-taking all the above processes into account-has been reported in our previous publication [33] .
Based on our experimental observations (see figures 9 and 10) we conclude that the density of metastable atoms has a non-zero value at the cathode walls. High Ar*( 3 P 0 ) atom densities close to the cathode surface have also been observed by Bogaerts et al in a sputtering dc discharge [44] . However, the numerical modelling presented by the authors did not reproduce their observation and they did not propose a mechanism for the metastable atom production in the vicinity of the cathode. A comparison of our raw experimental data at 1 Torr (figure 5) with the corrected ones ( figure 10) shows that the applied reverse calculation scheme, that corrects the measured data for the diffraction effects, makes the enhancement of metastable atom density at the cathode surface even more pronounced (especially at higher discharge current). However, it is noted again that the maximal spatial resolution of the applied experimental technique near the walls is about 0.1 mm, which limits the reliability of the very last points next to the cathode.
Three different processes have been suggested in [33] that could be responsible for the non-zero metastable particle density at the cathode wall: (1) argon ions recombine at the cathode, yielding the formation of metastable states, (2) some of the fast argon atoms bombarding the cathode come back from the walls in the metastable state, (3) some of the metastable atoms impinging on the cathode surface are not quenched and come back to the gas phase as metastable atoms. The first possibility has been selected in [33] as the most probable one and it was incorporated into the model. This way the finite metastable density has been reproduced on the cathode surface; however, the model failed to reproduce the characteristic shape (flattening off or eventual increase) of the density distribution in the close vicinity of the cathode. The observed density profile can only be explained if (in addition to the production of metastable atoms at the cathode) there is an additional loss process of metastable particles in front of the cathode (in the cathode fall region) that was not taken into account-or the rate of which was underestimated-in [33] . The problem of the missing loss process close to the cathode surface of a direct current glow discharge occurred earlier in the modeling/experimental work of Bogaerts et al [44] . In [44] the possibility of the argon ion-and atom-impact ionization and excitation from the metastable level has been estimated to be of minor importance (as compared with the argon ionand atom-impact excitation of ground state atoms yielding metastable particles) because of the low density of metastable atoms.
An extensive analysis of the observed density distributions can reveal additional details of the metastable densities in Figure 13 . The radial dependence of the 3 P 2 / 3 P 0 density ratio for a discharge current of 10 mA at different pressures.
the cathode region. The ratio of the on-the-wall and the maximal (on-axis) densities of metastable and resonant state argon atoms is shown as a function of the discharge current for 0.3 Torr in figure 12 . It can be seen that the relative importance of the wall production increases toward higher currents. The 3 P 0 state is favored the most (as compared with the other two states investigated) close to the cathode surface. The 3 P 2 metastable state and the 3 P 1 resonant state show the same current dependence in this figure.
The radial dependence of the 3 P 2 / 3 P 0 density ratio is depicted in figure 13 for a discharge current of 10 mA at different pressures. The figure shows a smaller relative portion of the 3 P 2 metastable state in the cathode fall region. It is noted that the smaller portion of the 3 P 2 metastable state (as compared with the 3 P 0 state) is most pronounced at a given distance from the surface.
Summary
The spatial density distribution of metastable argon atoms has been determined in a hollow cathode discharge under different conditions by means of a laser absorption technique. A reverse calculation scheme has been developed to correct the obtained experimental data for diffraction effects. Our new results have confirmed previous observations that significant metastable density exists near the cathode surface. Further theoretical and/or modelling work is needed to clarify the processes responsible for the observed behavior.
